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Manufacturer Displacement Cylinders Fuel
A 1.0 L 3 E22-E100
2.0 L 4 E22-E100
B 1.8 L 4 E22-E100
C 1.8 L 4 E22-E100
D 1.0 L 3 E22-E100
1.8 L 4 E22
2.0 L 4 E22-E100
E 1.0 L 3 E22-E100
1.0 L 4 E22-E100
F 1.3 L 4 E22-E100
1.8 L 4 E22-E100
G 1.0 L 3 E22-E100
1.0 L 4 E22-E100
1.6 L 4 E22-E100







































Route Distance	(km) Mean	speed	(km/h) Vehicle E22	energy	conversion	factor	(L/kW h) E100	energy	conversion	factor	(L/kW h)
1 18.8 27.5 A 0.44 0.63
2 9.4 17.2 A 0.44 0.62
3 17.7 35.5 A 0.42 0.61
4 18.6 47.2 A 0.41 0.59
5 19.1 32.8 A 0.45 0.63
6 12.0 8.7 A 0.46 0.66
7 27.8 30.3 A 0.43 0.63
8 30.7 48.0 A 0.42 0.61
9 24.7 35.3 A 0.44 0.62
10 2.1 18.6 A 0.45 0.66
11 21.1 42.8 A 0.42 0.61
12 6.3 19.9 A 0.42 0.61
13 24.2 26.7 A 0.43 0.63
14 3.1 19.2 A 0.46 0.67
15 27.5 22.8 A 0.44 0.64
Average – – – 0.44 0.63
16 84.6 32.0 B 0.48 0.65



















A 1.0 L 3 E22-E100 0.28 0.38 0.43 0.54
2.0 L 4 E22-E100 0.34 0.46 0.53 0.66
B 1.8 L 4 E22-E100 0.35 0.47 0.54 0.67
C 1.8 L 4 E22-E100 0.34 0.45 0.55 0.67
D 1.0 L 3 E22-E100 0.30 0.41 0.46 0.57
1.8 L 4 E22 0.34 0.46
2.0 L 4 E22-E100 0.33 0.45 0.51 0.63
E 1.0 L 3 E22-E100 0.30 0.41 0.49 0.60
1.0 L 4 E22-E100 0.31 0.42 0.49 0.60
F 1.3 L 4 E22-E100 0.32 0.44 0.51 0.62
1.8 L 4 E22-E100 0.32 0.42 0.52 0.64
G 1.0 L 3 E22-E100 0.30 0.40 0.45 0.56
1.0 L 4 E22-E100 0.31 0.41 0.49 0.61
1.6 L 4 E22-E100 0.34 0.46 0.56 0.69
H 1.3 L 4 E22 0.33 0.44
Mean 0.32 0.43 0.50 0.62
Standard	deviation 0.02 0.03 0.04 0.05
COV	(%) 6.0% 7.3%












Application	 of	 the	 method	 to	 15	 engines	 representative	 of	 75%	 of	 the	 Brazilian	 market	 produced	 energy	 conversion	 factors	 of	 0.43 L/kW h,	 for	E22,	 and	0.62 L/kW h,	 for	 E100,	 being	 above	 the	 values	 normally	 adopted	 from	 the
application	of	the	Willans	line	method	by	52%	for	E22	and	57%	for	E100.	The	results	obtained	from	road	and	laboratory	tests	of	two	different	vehicle	models,	using	various	routes	and	traffic	conditions	and	the	standard	FTP-75	test
schedule,	 validated	 the	 results	 from	 the	 analysis	 of	 3D	 BFSC	 engine	 maps.	 The	 agreement	 obtained	 from	 the	 first	 vehicle	 tested	 in	 15	 different	 road	 routes	 and	 under	 the	 FTP-75	 schedule	 was	 within	 the	 uncertainty	 of	 the
measurements,	while	comparison	with	the	second	vehicle	tested	in	a	mixed	road	route	showed	discrepancies	of	only	10.4%	for	E22	and	4.6%	for	E100.	Thus,	the	results	here	obtained	by	the	proposed	methodology	can	be	taken	as	an
updated	representation	of	energy	conversion	factors	of	modern	flexible	fuel	spark	ignition	engines,	applicable	for	operation	with	both	gasoline	and	ethanol.
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Highlights
• Energy	factors	were	obtained	for	gasoline	and	ethanol	fueled	engines	and	vehicles.
• Use	of	3D	engine	BFSC	maps	produced	consistent	results	for	flexible	fuel	engines.
• Energy	conversion	factor	for	E22	was	0.43 L/kW h,	from	laboratory	and	road	tests.
• Energy	conversion	factor	for	E100	was	0.62 L/kW h,	from	laboratory	and	road	tests.
